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,THE subject of-gunshot injuLries of the head is, of course,

an enormously wide one, and it includes not only tlhe
important question of how the actual injury to the brain
is produced, but the subject can clinically also be profitably
discussed from another point of view altogether, namely,
causes of deatlh and how to prevent them.

I shall to-niglht speak more in the former direction, and
especially because I have npt been permitted to see any

eases in tlhe present war, except a few exceptional
[instances which happeened to be referred to 'me unofficially.

PHYSICAL EFFECTS PRODUCED BY HIGH VELOCITY
BULLETS.

I made a large number of experiments' on this subject
over twenty years ago when the .303 rifle was introduced
.into tlhe services, and the results were fullv confirmatory of
those in part arrived at previously anid independently on

the Vetterli rifle by Professor Kocher, especially as to tlhe
so-called explosive effect of high velocity projectiles. It
occurred to nme then that what was required was a regis-

tration method. To this end I ernployed mnodelling clay, a

substance which roughly resembles tlhe tissues in that it
contains a considerable percentage of water in its inter-
stices, but differs with advantage in tlhat, wlhen disrupted, it
remains exactly as the explosive force lhad deformed it, so

that all that was necessary was to fill the cavities produced
by the bullet with plaster-of-Paris and thereby obtain an

absolutely accurate record of the vhole effect of the slhot.
Tlle method immediately showed several thlings: First, that
tlle so-called expIhsive effect was directly proportional to
(1) tlhe secti6nal area of the bullet, (2) to its velocity, (3) to
the am-oun` of 'water present in tlle substance throuah
which- a bullet passes, and (4) that the forces of disruption
were at an angle to the axis of the flight of the butllet,
whiclh. I hiave never been able to completely determine.
I lhave obtained by mneans .of the clay-plaster method
further points concerning the ballistics of tlle projectile
whiclh could not be reached in any otlher way. The most
p ractically important for oulr present subject are: (1) Where
in the course of thle bullet is most mischief done? and
(2) by what force?

h(1) Mlischief is

Tlim casts show that tlle maximal disturbanlce is pro-

duced, of course, as sooIn as the bullet at its highlest
velocity is sur rounided by the largest mass of wet tissue.
In the aniimal the conditions are governecl by otlher

considerations, of which the most imiiportant is that the
water-holding mnaterial is surrounded by an elastic skin,
and fliat tlle so called larger aperture of exit necessarily
results from the drivinig out of the limb or trunk all the
iragments of tissue, bone, and particles of fluid to wlhich
the velocity of tllh bullet has been comlmunicated. The
larger aperture of exit is a mlatter, tlherefore, of what
happens to be struck in the interior of tlle skin envelope.

(2) Forces Produtcing the Iiijitry.
Tllese relate to the two movements of a bullet: First,

its progression forward; secondly, its spini around a
central axis given to it bytlihe rifling.

It is ordinarily assumed that the progression forward
miovemnent is the more important, but in my opinion it is
not so, altlhough, of course, the amouint of injury naturally
depends on tihe length of traverse of the body by the
bulleL
The most inmportant movement from-a a pathiological

point of view, I suggest, is the rotary spin, and I caine to

this oplinion by observina, to my surprise, that the rotatior,
of the bullet was still visibleaon fhe,plaster cast even up-
to the moment when the bullet ceased to penetrate any
more.

It is quite clear that i-n these circumstances the-dis-
ruption of the tissues nmust be attributed in thle main to
the rotating forces of a bullet, and the transverse section
ox a plaster cast of a bullet fired into wet clay, in -whicl,
therefore, there is a maxnimum disruption due to the -w*ter,
slhows that the particles of fluid are th-rown off practically
at riglit angles to the axis of flight.

It is interesting to notice also in some of the casts that
these disruptive tears have very often a spiral directiont
antero-posteriorly, the turns of which are of the same
length as th}e spirals of the grooves of the rifle.
Sametimes these have also shown an interesting degree

,of directioln backwards, and then the tear is circumferential
to tlle axis of flight, which reminds one very forcibly of the
compression waves of air slhown in Professor Boys's
beautiful plhotographs of a .303 bullet during its fliqlht.It is clear that if the de-nsity of the clay varied suddenly,
as it does not infrequently, the results would be a fixatioi
in the plaster of the disruption wave quite,comparable to
that of the more labile fluid air, as in Professor Boys's
experiment.

Shape of the Bullet.
We must lnowT consider the question how far the slhape

of a bullet affects the question of degree of destruction.

(a) Sectional Area.
The so-called explosive bulet, or dum-dum, is a soft-

nosed lead bullet, which deforms very easily, and by its
expansion'geatly increases the sectional area.

Very considerable confusion seems to have arisen
recently, because tlhe modern jacketed rifle bullet laving.
beenl made more and miore pointed until there Is a very
great contrast between the long sharp nose and the flat
base. it has actually been supposed that this bullet makes
a mnuch worse wound if it advances through the tissues
base foremost instead of tlle apex, whereas, of course, the
result being proportional to the sectional area, it makes no
difference.
This brings lue to the next point, of whiclh a good deal

lhas been made on purely lhypothetical grounds-nanmely,
tlle question of the modern pointed btllet turning ove-r
during its passage through the tisstues. Undoubtedly
turning over of an elongated projectile is a very dommon
event. To find out whliether it was more common now with
the modern shaped bullet than with the old conical pro-
jectile, I asked Mr. Daw, of Messrs. Hollands and Hollanlds,
to kindlyrmake for me somne .22 calibre cartridges with
bullets of the sam-le weight as the ordinary conical pattern,
bLut pointed like the modern service projectile, and, of course,
w-ith the same load. This he very kindly did, and photo-
graplhs are reproduced (Figs. 1, 2, and 3) of the records of
experiments made by tlle clay methodl under as nearly as
possible similar conditions, the first being an imitation
service bullet, the second the old conical pattern (b6th
these being .22 calibre), and the third the larger .310 soft
lead bullet, to contrast with the service bullet, and to
settle again the quiestion of the deformity caused by the
various projectiles. This point, I may mention, I hiad
already dealt witlh in my first experiments twenty vears
ago, which, as I lhave already stated, went to slhow thatthie
apex of a buLllet had no bearing on the immediate qnestion
of amount of destruction. I have also dealt with it in a
report furnislhed to Lord Kitchener and puiblishied by him.n2

Tturning over.
Sonme misconception as regards turning over lhas arisen,

because it seems to be imagined that a very pointed bullet
mighit turn over and over round a transverse axis thr'Ougal
the middle of its length, progressing in fact like a lwheel,
but this is not tile case; it only turns over once. Turning
over is very common, but, as is shown wh-en the bullet
enters clay or soap, it does not happen until; nearly h1'alf
its course has been passed over, thlat is; wihen the pro-
gressive velocity is greatly reduced, and the advance of
the bulllet becomTnes more sensitive to obstructions whlichl
will first affect the liglht tip, the momuentum of which is
very different to that of tlhe-base. Further, in-consequence,
no doubt, of the greater obstruction and friction set up
when the buLllet travels at riglht angles to its long axis,
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its traverse of the tissues is muchl reduced, but tlle spin
due to the rifling eontinues to the end
As regards the disturbance of the tissues caused by

turining over, ti:e net restult is conversion of a tubui'ar
wound (see esp. Fig. 1) into- a cleft wllichl is niearly
trian(gular in cross-section, a narrow isosceles trianlgle,
tile base of whibli is eaused by the base of the bullet,
and the apex, of course, by the poinlt. Whlen turnin'g
over lhas reached its comnplete development, tllere io,
certainly ratlher more appearance of disruption, but on
imieasuring the cireunmference of stuchl a cast there is
lititle difference between the "turnied over" region witlh
the imnmediately pre-cursory cvlindrical part of the
buLllet's course. The practical conclusion wlhlich follows
froin tllese facts is, of coturse, that "turning over"
is niot to be credited, as it has been, with doing mucl
hlarmi, thie real cause of great destruction of tissue, etc.,
beinig, of course, the high velocity and rapid spin.

r,ragnenlts of Bone.
The clay-plaster metlhod slhowed me anoth-ler fact that I

had not considered fully. It is that tlhe, deep penetration
of the brain by a fragmiienit of bone is in the first place the
sinple consequence of tlle hiigh velocity of the bullet being
comnmunicated to suchl bodies imiuclh lighter tllan itself, and
tlierefore capable of proceeding as far and even fartlher
tljan the shot.

In view of the fact that any suchl fragment umay be
infected, it follows that at the first operation every reason-

able search must be made for fragments, as they certainly
may later cause the death of the patient.

Dr. Bruce's beauitiful radioarain rcpi-oduced in Fi. 4
is an interesting example, because the slhrapnel bullet,
partly caught by the edge of tlle lhole, nevertheless lhas
sent oIn five fragments, one streaked with lead, deeply
into the brain. This was the case of an officer wlho
came under my care some ten days after lie was wounded
at tlle end of August. There was a foul sinall rotund
wound above tle left frontal eminence wlich Dr. Spitta
found was infected with Staphylococcus aureuts, and it led
into an abscess cavity about 2 in. deep. I removed the
purulent dobris, fragments, etc., cut away the originial
wound in skin and bone, and disinfected witli sublimate
lotion, hydrogen peroxide, annd weak carbolic. Vaccina-
tion witlh autogenetic vaccines was carried out by Dr. Spitta
for two m-Dontlhs. The patient has made an excellent re-
covery; tlle cavity has, after three montlhs, cicatrized and
hie lhas returned fit for liglht duty.
Tlhe distance of penetration of the bone fragmeints in

thlis case is exaggerated, of couLirse, by the retention of
the slhrapnel bullet on tlle inner edge of the lhole.

CLINICAL FEATURES.
-Perhaps the most imiiportant subdivision of clinical

conlditions wvhich are special is that of causos of deatl.

1. CConcussion.
Several cases lhave been reported of fatal concussion

witlhout penetration of the skull. These are, of coutrse,
pelfectly possible because thev fall into the same category
as tlhe deatlhs caused by the simple blow of a cricket ball.
Tlhey are apparenitly due. to direct paralysis of the respira-
tory and cardiac centres in the bulb. Mr. Walter Spencer
and I slhowed miany years ago that mere pressure on tlho
uniopenl skull, if su;fficiently severe on thjin parts, could
affect the intereranial tension so as to interfere with the
functional aetivities of these centres.

2. Rise of Intercranial Pr-essure.
Duret showed, mnany years ago tllat the most paralysing

effects on tlle centres of organic life were produced most
easily by force applied in wlhat he called the fronto-buLlbar
axis, and lie slowed tllat the effect of slhock applied to the
fronital region was transmitted largely by the cerebro-spinal
fluid to the interior of the ventricles and even to the
fourth ventricle.'. This is undoubtedly the first effect of a

gumshot wound to the lhead and evidenced by functional
mibuition of thse respiratory centre, as KRamer atid mvself

shlowed first in 1897. Concurrently, one has, of coutrse,

immi-nediate haemorrhagoe, and therefore an equal immediate
rise of intercraniial pressure. If this is not relieved. the
embarrassed respiratory centre fails. At the sanie time
the vagal centre is at first stimulated and causes very

slow beats of lheart, antl, as the pressure rises, this gives
place to paralysis of the vagal mechanism, and then
becgins tlle fatal and final stage. Probably a certain
nluimber of deaths in cases of this kind could be saved by
inmmediate operation, and I have under my observation now
an officer, wlhose radiogramn is slhown in Fig. 5, whose life
was so preserved by. Major Sherran, R.A.M.C., wlho, re-
coanizin g tlle urgenicy of this condition juist described,
operaited at the field dressing station witllin a very few
minutes of tlle infliction of the wounid by trepliining- and
waslhing out the extravasated blood, thus releasing the
pressure and(I saving° the patient's life. The patient is now
gradually recovering. In m-lany cases, if tlhere is a good,
blood pressure, the intracranial tension often prevents .
rapid lhaeinorrllage. .

3. 5epsis.
This is of course priiarily and in the vast majority of

cases due to incom)plete disinfection of the original wound,
but also to the fatal and detestable practice of "leaving
head cases alonie," whiclh, beilg tlle outcome of ignorance,
botlh of. the functions of the brain and of the principles
of antiseptic surgery, led mtiany surgeons of tlle old schlool
(SOmIle of wlhomn apparently still survive) to leave a patient
to steadlily dlie rather than performn the duty of attempting
to save him.

I believe this wicked tradition was also in part created
by the fact that the leucocytic barrier, whetlher subdural
or intracerebral, was occasionally quite equal to figlhting
off the infection; and because suclh a neglected patient got
'well, the non-comnprelhending sutrgeon said, " Let us leave
lheadi cases alonie as a rule!I" It is to the credit of the
Britislh Army 3Medical Service that they shlowed in their
observations anid worlk during the Boer war tlie falsity of
this error. We miiay lhope, tlherefore, that thle example of
the brilliant surgery of officers like Major Slherran will
prevent cases airiving in England under conditions
lhopeless for restoration botli of life anid ftunction.

Onie w-ord on creneral septic infection. Stuppose iihe
subdtural space is inifected alnd cerebro-spilnal miieningitis
results. Arc these cases necessarily fatal ? Evidently
they are not, as, inideed, Mvyind lhas always contended.

Wlhat is to be our routine? A case I saw with Dr.
Fraser at Southamapton, and wlichl I h-ope lhe will publish,
suggests that the course adopted in that instance miglht ho
geinerally tried-namely, free opening and disinfection by
irrigationi of the craniial suibdural space at the seat of t4e
inijury, a liberal lumibar punicture (l-. to 2 oz.), repeated if
inmprovemijenit arrested, anid autogenetic vaccine treatment.

I understand tlhat at Camlbridge repeated lumbar punc.
ture lhas been miiost efficacious in tlle treatmlienit of the
parallel condition of epidemic cerebro-suinal mellingitis.

4. Herntia Cerebri.
A oreat deal of unnecessary importance used to bh

givenl to the conidition kniiowni as lhernia cerebri, as its
OCCUrrence w as proportioniate to the septic decomiiposition
wlichl cllaracterized tlle coniditioin of ,nost of the wounds.
In consequeince of this latter factor we must divide the
subject unider the two lheadings of aseptic and septic
herniia.
Aseptic.-In conisequence of the explosive effect of a

buillet on the normial braini, if portionls of the bones of a
skull are carried away-as, for instance, in the formation
of a gutter-tlhen tlle rise of intracranial tension will
cauise a certain amoulnt of extrusion of the brain substance.
This is accoml)panied by extrusion of the lacerated brain
against the edges> of the opening in thle skuill. Owing to
haenmorrhage in the brain substance produced by the ex-
plosive effect, sueh a lhernia tends to remiiain only just so
long as tli-Ce is increased intracranial tension, as, for
example, in the cases of removal of cerebral tumour,
where aseptic herniae can be studied not infrequently.

&Splic.-I come now to the more difficult question
of septic helrniae anld their significance. An infection
of the bruLised brain miiay present simply a localized
suppurating cavity, in which ease there is no hernia.
If, hloxwever, the leucocytic barrier of tlle cavity is
imperfect'- and the -hemisphere in consequence happens
to become the seat of general cerebritis, then hernia
of necessity follows, and if the mischief spreads the
hernia increases because of the spreading infective

Thus aidingc in the formiation of a subdural leucocytic barrier, aa
was first imiade clear bv Schafer.

z
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oedema of tlle brain. The subdural leucocytic barrier
may be quite effective in some cases, and yet the hernia
inereases. This was what one finds referred to very
largely in the writings of the old surgeons, anid in this
case uindoubtedly after some time some of the increase
is due to tlle development of granulationi tissue in the
brain tliat projects. Such herniae, if the subdtral barrier
is good, yield completely to treatment with absoluto
alcolhol and cutting away as tlle surface rapidly necroses.
Various substances lhave beenl nsed for tllis puLrpose-for
examiiple, formalin-but for many years I lhave never
found anytlhing better than absolute alcolhol.

FU.NCTIONAL DISTURBANCE OF THE BRAIN.
Tlhe first and most importanit practical qisestion is how

far compensation for loss of functions (lue to loss of cere-
bral substance occurs; possiblv this is a question wlicl,
thouglh attacked by neturologists for fifty years, must
remain essentially indeterminate until the fuinctioni of
every part of the brain is accurately ascertained. It will
be simlplest, perhaps, to consider the mnatter by two
examples -first, a senisory region of tlle cortex, and
secondly, the kinaesthetic.

I desire to premise miy examples by suggesting that in
the lhuman adult there is no evidence of comiipensation by
education or substitution of function in otlher parts of the
brain for function lost bv reason of permanent destruction
of given areas. Recovery due to absorption of lhaemorrlrage
and re-establislhment of partly blocked circulation, how-
ever, may be expected to go on. fo,.. several years if not
interrupted by epilepsy and secondary mental clhange.

(a) Sensory Cortex..
Tlle most specialized centre, and most clearly arranged

topographically, is the vistual area. I will therefore con-
fine mv remarLs to that sensory functioni, and a case that
I saw in October last with Dr. Simupson illustrates very
well the problem. Thle patient, an officer in anl infantry
regiment, was hit by what was apparently a Mauser bullet
on the riglht side of the head just below the parietal emi-
nence. The bullet passed thlrouglh tlle occipito-temporal
i,egion, mlalking a deep gutter through tlle brain and under
thie skull, emeraed througli the middle of the riglht half
of the occipital bone, and buried itself in tlle muscles at
tle back, wlhere it was extracted by an incision on tlhe
field. The patient, wlho was totally blind, reached London
(namely, the 3rd London Base Hospital) on about the
fotrth day after receiving the wound. Nothing was
done to tlle wound on the head, so far as can be ascer-
tained. Whlen I saw him in a nutsing hoome on the seventlh
day botlh wounids were inexpressibly foul; the posterior
two-tlhirds of tlle hlead was oedematous, tlle patienit, iVho,
as before stated, was completely blind, could withi diffi-
culty be roused to an order, and hiis temperature was 1010.
Under an anaesthetic tije apertures in the scalp were
explored by a large flap incision, and it was then founid
tlhat in addition to the comminution of the skull at the
apertures of entry and exit, there was also a line of
fractuLre and comnminution about 41- in. long connect-
ing the lholes. Furtlher, tlle whlole lam-ibdoid suture
was started so that tlle occipital bone was loose-tlhat
is, botlh lhalves. On clearing away the fracture, blood
and pus came from underneatlh the bone, buLt I considered
that the subdural leucocytic barrier lhad already sealed
off muclh of the subdural space. The wound was very
tlhorouglhly disinfected, irrigated witlh lhydrogen peroxide,
and sublimate lotion. As tlle flap incision was a very
free one, no furtlher incisions were made in the oedematous
skin on the left side of tlle lhead. All lacerated portions of
brain tisstue were remnoved. Besides puls, there were
several slouglly and darli pieces of tissuie obviously
necrosed. The bacteriological inspection of tlhe lhead
wound gave (by Major Embleton) an almost perfectly pure
culture of thle bacilli of maligniant oedemiia. The patient
has made a good recovery so far, after frequient dressings
with lhydrogen peroxide and wveak carbolic lotion.
The innmmediate question in. this case, lhowever, is the

recovery of sighlt. This began to retuirn in the top riglht-
handl corner of bothfields, and has nlow spread until te
patient can see probably OVer mo1st of thle upper right
quadrant, but -he is not a good writness. The first recovery
of thle upper part of the field inl this central case interests
me because I hlave shown that in peripheral lesions-that

is, optic neuiritis-the pressure is most severe on the upper
lhalf of the nerve and disc, and tlherefore preservation of
siglht is chiefly in the upper quadrants. (This patient
hlad a renfarkable congestion of hiis discs, but no true
swelling.)
My immediate point is that no recovery has taaken place

in tlle gravely injured lobe, neither, I fear, can any be
expected.
As regards tlhe representatioii of the uipper and lower

lhalves of the visual field in the lower and upper parts of
the calcarine cortex and the bearing of this furtller con-
sideration on tllc present case, nothinig can justly be said,
seeinig that the wlhole occipital suture being started tllere
must have been bruisinag of some degree, even if slight,
affectinog the left calcarine region. Mr. Cruiise, whlo has
had ellarge of the case ophtlialtiologically tlhrouglhout,
will very kindly report on the case.

(b) Kinaestheeic Cortex.
Tlle consideration of the loss of function of the Rolandic

region is muclh miiore difficult, since paralysis of movement
is no simple question of the destruction of a so-called
motor centre, but also Uliat of a numiber of sensation
conditions and rnemories'

1. Loss of Mwovem)ent.
So far as the loss of mi-otor fuLnction alolne mnay be

discussed, I desire to suggest frotmi tlhe experienice of
cases who were wounded in the Boer war that the clhief
miovements of the hand are not restored if tlhe whiole armn
are~of the anterior gyrus lhas been destroyed.

2. Loss of Kinaesthetic Mem.ories.
The retention of power to move a segment of a limb at

all is one tlhing, but the ability to effect that mlovermient
witlhout clunsiness is quite another.

Thiis depends on the conservation of what I term the
topognostic sense, namely, the relation of a spot touched
on the body, to our knowledge and conception of our
position in space, and that clliefly in the relation of the
spot touclhed to (a) the distance from the body-that is,
" proximality "-and (b) tlhe distance to the mid-line of tlle
body, or "axiality."
The loss of tile sense of appreciation of these relations

alnd distances is what we call, in popular laniguage, clumsi-
ness, and I lhave slhown tllat tlis topognostic sense is
represented in both central Rolandic gvri. Further,
I believe it is permanently lost if the arm area of both gyri
is permanently destroyed. Thlus far, thierefore, there is no
compensation possible by substitution activity of the lower
centres.

Coarser co-ordinated movements of shoulder, elbow,
wrist, and even of the lhand, however, can be furnisled by
sucll lower activities.

REFEItFNCF S.
lProceedinas of the Royal Institution of Great Britain, vol. xivp. 228, 1895. 2 BRITISH MEDICAL JOUIRNAL, Novemriber 21st, 194, p. 896.

DR. ALFRED C. HENDERSON, of New York, has published
four eases of diabetes mellitus treated with fluid cultures
of the lactic acid bacillus (Journ. Amer. Med. Assoc.,
February 6th, 1915k. Great care was taken abouLt previous
dieting; in three the diet enforced was equal to a carbo-
hydrate intalie of 15 grams. The conclusion Dr. Hender-
son draws from these four closely observed cases of
diabetes is that no imDprovement was effected either as
to the glycosuria or the acidosis.
AT the annual meeting of the Federation of American

Societies for Experimental Biology held in St. Louis on
December 28th a resolution was adopted in whichi the
Federation, after setting out that various European nations
with wlhieh many members of the Federation were related
by birth, descent, or intellectual friendship -were now
at war, extended to the scienitifie men within these
nations the hope of an early and enduring peace which
would leave "no permnanent cause of rancour towards
each other, and would ensure to each the glories of scientific
and humanitarian achievemenit in accordanee with its own
coneeptioni of those ideals." The resolution may be takeii
as an indication of the desire of our Americani brethren to
preserve strict scientific neutrality, and to hope for
the best. The resolultion is signed by the presidents of
the Physiological Society and of the societies of Bio-
logical Chemists, for Pharmacology and Experimental
Therapeutics, and for Experimental Pathology.


